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I

performed a pump test of the Lower Aquifer on the U.S. Bureau of Mines (USBM) 
Horse Draw Mine Research Facility site, and, although the test was very short, they 
estimate a transmissivity of 210 fP/d (Dale and Weeks 1978).

Baseline groundwater quality data on the aquifers in the Piceance Creek Basin have 
been collected by the USGS, Multi-Mineral Corporation, Gulf Oil, Standard Oil 
Company (Indiana), and others. The following discussion presents data describing the 
existing groundwater quality, both on a regional and a site-specific basis.

D.l.3.1 Regional Groundwater Quality

The chemical quality of groundwater in the Piceance Creek Basin varies both within 
and among the aquifers. Weeks and others indicate that the groundwater in the 
Alluvial Aquifer and the Upper and Lower Aquifers does not generally meet the 
standards recommended by the U.S. Public Health Service although it is commonly 
used for livestock watering and supplies some local ranches (Weeks et al. 1974).

The water in the alluvium is classified as a sodium bicarbonate type. Concentrations of 
major ions indicate that the alluvial groundwater is similar in chemistry to that of the 
Upper Aquifer. Concentrations of total dissolved solids (TDS) range from 470 to 6,720 
mg/1 and average 1,750 mg/1 over the entire basin (Weeks et al. 1974). Generally, 
concentrations of dissolved solids increase in the downstream direction, with increases 
in sodium and bicarbonate from recharge areas to discharge areas. These increases are 
believed to reflect influences from irrigation-return flows, contributions from bedrock 
groundwater discharging to the alluvium, and concentration by evapotranspiration.

The base of the Lower Aquifer occurs at the Dissolution Surface, which is coincident 
with the top of the Saline Zone. The Saline Zone is composed of impermeable saline 
deposits with characteristic low fracture density.

Groundwater reserves in the Piceance Basin are large in both areal extent and volume. 
The total estimated groundwater reserves are estimated at 25 million acre-feet (BLM 
1983), with over 2.5 million acre-feet in the Lower Aquifer (Coffin et al. 1971). Disposal 
of the solution mining leachates will involve injection of partially saturated to saturated 
sodium bicarbonate solution into the lower part of the highly fractured and rubblized 
Lower Aquifer where it will mix with the existing saline groundwater. The quantities 
of solution to be disposed of through injection into the Lower Aquifer are insignificant 
compared to the total 2.5 million acre-feet of groundwater reserves of the Lower 
Aquifer. The anticipated average injection rates of 39 to 162 gpm would equate to 
approximately 63 to 261 acre-feet per year added to the aquifer system. These volumes 
represent 0.0025 to 0.01 percent of the total volume of the Lower Aquifer and are an 
order of magnitude less when compared to the entire aquifer system. Therefore, no 
change in pressure or native fluid displacement can be reasonably expected to occur as 
a result of the introduction of this negligible volume of fluid into the Lower Aquifer.

D.1.3 Groundwater Quality



D.l.3.2 Site-Specific Groundwater Quality

mg/1 from well USGS-75-6A.

D-5

1

A number of groundwater samples have been collected from the Upper and Lower 
Aquifer systems directly to the west and southwest of the American Soda Test Area, 
including those from testing conducted by the Multi-Mineral Corporation, the USBM, 
and the USGS.

In general, water in the Upper Aquifer is of better quality than that in the Lower 
Aquifer. Water in the Upper Aquifer can be classified as a sodium bicarbonate type 
with a TDS concentration ranging from less than 400 to 2,000 mg/1 (Weeks et al. 1974). 
Calcium, magnesium, and sulfate concentrations in the Upper Aquifer are greater than 
in the Lower Aquifer.

The Lower Aquifer can be classified as a sodium bicarbonate-chloride type with TDS 
concentrations ranging from less than 650 to greater than 60,000 mg/1 and averaging 
over 13,000 ppm. Most of the highest TDS concentrations are located just above the top 
of the Saline Zone near the Dissolution Surface (Coffin et al. 1971). Throughout the 
basin, the Lower Aquifer characteristically exhibits a much higher concentration of 
fluoride than the Upper Aquifer. Wells sampled in the Lower Aquifer on the C-a and 
C-b oil shale tracts for the period 1974 through 1976 had average fluoride values of 14.7 
and 21.0 mg/1, respectively.

Weeks and others report that concentrations of some trace elements in the Lower 
Aquifer are great enough to be of environmental concern (Weeks et al. 1974). Barium, 
boron, and lithium are consistently found in high concentrations in the northern part of 
the basin, and concentrations of barium occasionally exceed drinking water standards. 
Other constituents in the groundwater that have elevated values and, on average, 
exceed drinking water standards include arsenic, cadmium, chloride, iron, mercury, 
manganese, lead, and selenium. Elevated levels of barium, boron, lithium, copper, 
chromium, strontium, and fluoride are also common in this geohydrologic unit.

*

-

1

Site-specific water quality data have been collected from the American Soda property. 
The results of groundwater sampling of the Upper Aquifer from American Soda's 
recently completed water supply well are provided in Table D-l. Results of 
groundwater sampling of the Upper and Lower Aquifers from American Soda's 
solution mining well are provided in Table D-2.

Lipper Aquifer

American Soda, L.L.P.

Class IU1C Permit Application

4

1
Water quality data for the Upper Aquifer in the vicinity of the American Soda property 
are presented in Ficke et al. (1974), Weeks and Welder (1974), Weeks et al. (1974), 
Welder and Saulnier (1978), and Daub et al. (1985). Upper Aquifer waters are a sodium 
bicarbonate type. Total dissolved solids have been reported at approximately 900 to 
1,000 mg/1, and the highest sulfate reading near the American Soda property was 470 
mg/1 from well USGS-75-6A.
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Water samples from the recently completed American Soda water supply and solution 
mining wells exhibit TDS concentrations in the Uinta Formation portion of the Upper 
Aquifer ranging from 944 to 1,260 mg/1 at depths of 357 to 560 feet (Agapito 1997b, 
Agapito 1997c, Agapito 1997d). TDS concentrations increase in the Green River 
Formation (Parachute Creek Member) portion of the Upper Aquifer, with the water 
sample from 811 feet, immediately above the Mahogany Zone, yielding a TDS 
concentration of 15,900 mg/1 (Agapito 1997d).2

S
!

*
As in the Upper Aquifer, the groundwater may be classed as a sodium bicarbonate 

B tVDP. blit with A hicrhpr OVPrall TD^ rnnfpnfraf-inn A nnalihr cnmnlo cm

; nearoy ubus well, Ub<
but with much higher
mp’/l. with siilfafp

type, but with a higher overall TDS concentration. A water quality sample from a 
nearby USGS well, USGS-75-6B, showed similar characteristics to the Upper Aquifer, 

■ concentrations. TDS concentration of this sample was 9,610 
mg/1, with sulfate, sodium, and fluoride concentrations of 63, 3,900, and 26 mg/1, 
respectively. Since this well was open to the entire Lower Aquifer system, the water 
sample is a composite representing the average quality of all individual water-bearing 
zones. Welder and Saulnier collected water of similar quality from test holes drilled in 
the Piceance Creek Basin, and Weeks and others reported water quality data with 
similar characteristics (Welder and Saulnier 1978, Weeks et al. 1974). The water sample 
from the lower part of the Lower Aquifer at the American Soda solution mining well 
exhibits a TDS concentration at 1,411 feet, immediately above the Dissolution Surface, of 
26,600 mg/1 (see footnote 2) (Agapito 1997d). Conductivity measurements suggest that 
Lower Aquifer TDS concentrations likely range from approximately 19,000 to as high as 
33,000 mg/1 immediately above the Dissolution Surface in the American Soda Test Area 
(Agapito 1997a, Agapito 1997b, Agapito 1997d).

The screened interval of the injection well will be placed between 140 feet and 40 feet 
above the Dissolution Surface in the lower portion of the Lower Aquifer. The salinity of 
the Lower Aquifer increases and water quality deteriorates with depth towards the 
Dissolution Surface (Welder and Saulnier 1978, Daub personal communication 1996). 
The TDS concentration of the Lower Aquifer is estimated to range to over 60,000 mg/1. 
The Colorado Department of Public Health and Environment considers water with total 
dissolved solids in excess of 10,000 ppm (10,000 mg/1) to be nonpotable. The Lower 
Aquifer does not meet the standard for drinking water because of marginal pH and 
high concentrations of fluoride, arsenic, cadmium, chloride, iron, mercury, manganese, 
lead, and selenium. Elevated levels of barium, boron, lithium, copper, chromium, and

1 ______________________________

2 It should be noted that all American Soda TDS estimates presented here are considered to be 
conservative for the following reasons: 1) analytical TDS concentrations are lower than expected based 
on the generally high deg»ee of correlation of TDS and conductivity in the absence of high levels of 
organic compounds and 2) analytical TDS concentrations are lower than the sum of all anions and cations 
analyzed. It is felt that these low TDS values are an artifact of the analytical method (heating and 
evaporation), which would cause dissociation of the sodium bicarbonate to sodium carbonate, carbon 
dioxide, and water, with loss of the produced carbon dioxide and water to the atmosphere. Compared to 
conductivity measurements, analytical TDS concentrations are 15 to 40 percent lower than expected.

fl
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strontium are also common. The Lower Aquifer does not meet the standards for 
irrigation water because of marginal pH and excessive molybdenum and fluoride. The 
introduction of saline water into water that is already highly saline is considered to 
have no adverse effect.

Base,., on the relatively insignificant quantities of injection fluids compared with the
groundwater reserves (see Section D.1.2.2, above) and on the poor existing quality of 
the groundwater, it is unlikely that disposal of the solutions from the experimental test 

'Will have any adverse impact on the groundwater quality of the Piceance Creek 
Basin aquifers.

D.2 CURRENT USES OF GROUNDWATER IN THE AREA

Very little groundwater development has occurred in the Piceance Creek Basin. 
Historically, the principal, long-term use of groundwater has been livestock watering. 
However, past activities associated with the development of oil shale in the region 
promoted the withdrawal of groundwater. Generally, oil shale development required 
dewatering of the Mahogany Zone to allow for mining activities or for modified in-situ 
extraction of shale oil. The water produced from these activities was either reinjected, 
discharged to surface streams, or used for irrigation. According to the Colorado State 
Water Engineers office and the Colorado Department of Public Health and 
Environment, no public water supply wells are located in Townships 1 or 2 South, 
Ranges 97 or 98 West, Sixth Prime Meridian.



Table D-l Groundwater Quality of the Upper Aquifer from American Soda's
Water Supply Well (Hole 20-8).

Parameter

430 feet

Total Alkalinity as CaCO, 
(mg/1) 477 637 655

>1 Alkalinity as CaCO,

S>tal Dissolved Solids (mg/1) 
Bjtal Suspended Solids (mg/1)

I
lead (mg/1)

I

..

*

D-8

»
1

Lithium (mg/1;
Manganese (mg/1)

American Soda, LLP.

Class IUIC Permit Application

560 feet
(Pump Test)

Anions (meq/l)

Cations (meq/1)

Selenium (mg/1) 

Strontium (mg/1) 
Vanadium (mg/1) 
Zinc (mg/1)

Aluminum (mg/1) 
Arsenic (mg/1) 
Barium (mg/I) 
Beryllium (mg/1) 

"Bismuth (mg/1)
Cadmium (mg/1) 
chromium (mg/1) 

Copper (mg/1)
Iron (mg/1)

(mg/D
Phenol
(mg/1)

Silica (mg/1)
Soaium (mg/1)
Sulfate (mg/T 

"Sulfide (mg /1;

26.6
517

31.9
0.137
0.03

39.1
38.0
16

1,180
0.54

311
0

53
0.77

<0.01
8.3 
0.18
0.20
8.1

28.4
170
187

0.16
944

1,610 
<0.001
<0.001
<0.01
0.0064
0.004

<0.0002
0.007
0.010
0.07
0.024
0.200
0.048 

<0.00005 
0.020 

<0.002 
<0.002
4.72 

<0.001
0.232

14.78
13.91 
-3.0

Upper Aquifer
560 feet

Manganese (mg/1)
Mercury (mg/1 j 
Molybdenum (mg/1)
Nickel (mg/1)

42.0
675

50.4
0.158
0.05

17
5.20

25
1,480

4.0
265

0
45
0.19

<0.01
8.3
0.04
0.05
1.7

19.8
276
178

0.80
1,210

5 
<0.001
<0.001
<0.01
<0.001

0.005
0.0002

<0.001
0.030
0.10
0.001
0.120
0.021

<0.00005 
0.050 

<0.002
<0.002

1.04
<0.001

0.051
17.91
16.60
-3.79

0
“793

0
0.163
0.07

23 
48.0
20

1,790
3.72

245
0

48
0.24

<0.01
7.8 

<0.01
0.04
2.3

15.9
296
148

1.80
1,260

5 
<0.001
<0.001

0.06 
<0.001

0.006
0.0005 

<0.001
0.001
0.05
0.002
0.098
0.019

<0.00005 
0.015

<0.002
0.004
0.914 
0.006
0.086

16.85
18.03
3.4

-■

Hydroxide (mg/1)
Magnesium (mg/1)

'Nitrate (mg/1)

Nitrite (mg/1)
(units) 

■Phosphate (mg/1) 
wTotal Phosphorous (mg /1)
Potassium (mg/T)'

r Silica (mg/1)

II Bicarbonate (mg/1)

MEaibonate (mg/1)
Boron (mg/1)

[Bromide (mg/1)
Bpbum (mg/i)

total Organic Carbon l mg, 11 

(chloride (mg/li
Mfeondurtivity, 25°C (umhos/cm) 

8 Fluoride (mg/1;
II Hardness as CaCO, (mg/1) ~

■



Table D-2

Parameter
357 feet

512 11,800 19,500

I

D-9

Lower Aquifer
1,411 feet

Upper Aquifer
811 feet

American Soda, L.L.P.

Class IUIC Permit Application

940
21.300

1,130 
0.50 
0.20

74
59.2

870
33.300 

32.0
193 

0 
2 

11.8
<0.01

8.3
1.35 
1.65 

21.6
8.4 

8,620
28
0.2

26,600
389

<0.001
0.077
1.72
0.003
0.097 
0.0017 
0.002
0.401 
1.44 
0.306
1.68
0.041

<0.00005 
0.070 

<0.002
0.004 
0.321 
1.15
3.58

414.3
379.5 

-4.4

595
12,800

714
0.26
0.28

61
64.0

444
18,300

24.2
166

0
4
4.13

<0.01
8.3
0.78
1.17

11.1
9.4

5,730 
2
0.1

15,900
17 
<0.001

0.01
2.24

<0.001
0.063
0.0016
0.004
0.003
0.70
0.007
0.767 
0.007 

<0.00005 
<0.001 
<0.002

0.002
0.393 
0.47
0.126

252.9
248.1 

0.96

Groundwater Quality of the Upper and Lower Aquifers from American 
Soda's Solution Mining Well (Hole 20-3).

0
620

0
0.10
0.15

39 
25.0
11

1,300
0.35

376 
0

63 
0.21
0.08
7.9
0.47 
0.48
1.1

25.3
148
185
<0.1

958
141 
<0.001
<0.001

0.04
<0.001

0.004
0.0004 
0.003 
0.008

<0.01
0.002
0.085 
0.123 

<0.00005 
<0.001
<0.002
<0.002

1.99
0.10
0.561

14.35
13.59 
-2.7

Total Alkalinity as CaCO, 
(mg/1)
Phenol Alkalinity as CaCO,
(mg/1)_______ __ _________________
Bicarbonate (mg/1)______________
Carbonate (mg/1)
Boron (mg/1)
Bromide (mg/1)
Calcium (mg/1)
Total Organic Carbon (mg/1)
Chloride (mg/1)_________________
Conductivity, 25°C (pmhos/cm)
Fluoride (mg/1)
Hardness as CaCO, (mg/1) 
Hydroxide (mg/1)
Magnesium (mg/1)
Nitrate (mg/1)___________________
Nitrite (mg/1)
pH (units) ________________
Phosphate (mg/1)
Total Phosphorous (mg/1)
Potassium (mg/1)
Silica (mg/1)_____________________
Sodium (mg/1)__________________
Sulfate (mg/1)
Sulfide (mg/1)
Total Dissolved Solids (mg/1)
Total Suspended Solids (mg/1)

Aluminum (mg/1)_______________
Arsenic (mg/1)
Barium (mg/1)___________________
Beryllium (mg/1)________________
Bismuth (mg/1)__________________
Cadmium (mg/1)
Chromium (mg/1)
Copper (mg/1)
Iron (mg/1)
Lead (mg/1)
Lithium (mg/1)
Manganese (mg/1)______________
Mercury (mg/1)_________________
Molybdenum (mg/1)____________
Nickel (mg/1)
Selenium (mg/1)
Strontium (mg/1)________________
Vanadium (mg/1)
Zinc (mg/1)
Anions (meq/1)
Cations (meq/1)
Balance (%)
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Figure D-l Geologic and structural map of Piceance Creek Basin, northwestern Colorado.
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Figure D-2 Regional south-to-north cross section across the Piceance Creek Basin.



Figure D-3 South-to-north cross section B - B' of American Soda Test Area.


